Abstract. A novel viewpoint of the magnetosphere as a lens for MHD waves is presented. Using a simple model of the variation of the Allyen speed as proportional to the local magnetic field value given by the Earth's dipole field and that due to the magnetopause currents represented by a current loop, it is found that the near-Earth magnetotail, in the range 8 -16 RE, is the focus of the magnetospheric lens. This location is found to be quite insensitive to a wide variation of parameters. By using simple diffraction theory analysis it is found that the focal region extends about 1 RE about the neutral sheet in the north-south plane and 0.2 -0.5 RE along the Sun-Earth line. Compressive MHD waves carried by the solar wind or created by the interaction of the wind with the magnetopause can be amplified by a factor of about 100 in the focal region and this has potentially important implications to substorm activity.
Introduction
The magnetic field and plasma configuration of the magnetosphere can be viewed as an optical system through which MHD waves propagate. These waves can be focused or defoeused depending on the variation of the refractive index which is inversely proportional to the Alfven speed v^ = B/ where B is the magnetic field and p the mass densiiy. It will be shown below that when the interplanetary magnetic field (IMF) convected to the magnetosphere by the solar wind has a southward component, the configuration can act as an optical system that focuses MHD waves transported by the solar wind, as well as the ones generated at upstream discontinuities. This lensing action can then focus the MHD waves by guiding their Poynting flux towards the near-Earth magnetotail leading to local enhancement of the wave energy density. As discussed by Lui et al. [1992] such wave energy enhancements have been observed at about 10 RE in the magnetotail and can have significant implications for the dynamics of substorms.
The objective of this letter is to present the basic physics underlying the idea of the magnetosphere as a lens by using a simplified analysis that relies on conventional techniques of optics. More detailed analysis and modeling using MHD codes is currenfiy under way and will appear at a later time. The next section presents the basic optical properties of wave propagation in the combined magnetic fields of the Earth's dipole and the magnetopause currents. By utilizing a simple model of the magnetic field as a superposition of the dipole field and that of a coil representing the magnetopause currents, the focal distance, the beam width and the Raleigh length are computed. The observational evidence, model pitfalls and limitations, and implications for magnetospheric Copyright 1993 by the American Geophysical Union. 
Focusing of MHD Waves by the Magnetosphere
The total magnetic field of the magnetosphere can be modeled as a superposition of the dipole magnetic field and the field due to the currents in the magnetopause and magnetotail. For the study of MHD wave propagation from the dayside magnetosphere to the near-Earth magnetotail, the effect of the magnetotail currents is neglected. This would correspond to the situation when the neutral sheet does not extend into the near-Earth region. The field due to the magnetopause currents can then be represented by the field due to an equivalent solenoid if the field near its axis and edge effects are neglected. The main advantage of the solenoid model is the convenient parametric representation of the effect of the magnetopause currents, allowing us to explore the robustness of the model. We characterize the solenoid by three parameters, its position Xo relative to the Earth, its radius a and its aspect ratio v = L/a, where L is the axial length of the solenoid. Throughout the paper all distances are given in units of the Earth radius RE. Figure 1 shows the magnetic field lines in the upper half of the noon-midnight meridian plane from the combined dipole/solenoid system for the case a = 10, Xo = 3 and v = 2 corresponding to an axial length L = 20. The value of a = 10 corresponds to the average location of the magnetopause [Fairfield, 1991] . This field resembles closely the field obtained from magnetospheric field models [e.g., Mead, 1964; Tsyganenko, 1990 ]. In our model the field in the lower half is taken as an image of that in the upper half. The dipole field by itself, due to its symmetry, does not produce focusing in the axial direction, while the transverse gradients away from the Earth are too weak to produce any significant defocusing effect. On the other hand there are In concluding we should emphasize that a key objective of this letter is to provide an alternative viewpoint of the magnetosphere and to induce the experimental and modeling community to examine their data and simulation models from the viewpoint of the Earth's and other magnetospheres as lenses of incident MHD waves.
